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The picture tube provides the viewing screen for the television receiver. 
Courtesy Andrea Radio Corp. 
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A true man never frets about his place in the world, 
but just slides into it by the gravitation of his nature, 
and swings there as easily as a star. 

—E. H. Chapin 


PICTURE TUBES 


All of the television receiver 
circuits described in the preced- 
ing lessons, as well as most of 
those yet to be explained, have 
one purpose in common. This pur- 
pose is the reproduction of the 
televised scene on the receiver 
screen. In the common, direct 
view type receivers, the screen 
actually is the end of a large vac- 
uum tube called the picture tube. 


An outstanding example of 
modern technological develop- 
ment, the television picture tube 
combines the knowledge gained 
by extensive research in several 
branches of science. For example, 
the study of luminescent mate- 
rials resulted in the development 
of “phosphors” which have prop- 
erties suitable for picture tube 
screens. Coated on the inside of 
the picture tube, it is the phos- 
phor which produces light of 
varying intensity to form the pic- 
ture. 


To produce light, the screen 
phosphor must be bombarded 


’ with tiny particles, in this case, 


electrons. The necessary stream 
of electrons is obtained by em- 
ploying the method developed 
originally for the cathode ray os- 
cilloscope. That is, a group of 
electrodes, called the “electron 
gun”, forms a thin beam of fast 
moving electrons, and directs this 
beam at the screen. The develop- 
ment of the electron gun required 


study of electric field action, elec- 
trode materials and shapes, and 
means of providing the required 
high voltages. 


Both magnetic and electric field 
action were investigated to pro- 
vide a suitable electron beam, 
and at the same time sweep the 
entire screen. In addition, the 
latter action required the solu- 
tion of problems in circuit de- 
sign. 


The construction of the large 
envelope, which contains the 
screen phosphor at one end and 
the electron gun at the other, 
posed many problems for the 
tube manufacturers, For instance, 
the completed picture tube is 
highly evacuated, and the en- 
velope must withstand terrific 
pressure from the air outside 
without collapsing. 


Finally, the assembly of the 
picture tube is a complicated pro- 
cedure. The particular methods 
employed are the result of ex- 
perience gained over a period of 
many years. The phosphor mate- 
rial must be distributed in a very 
even layer, the electron gun must 
be aligned with the axis of the 
tube, and the gun electrodes must 
be accurately spaced and aligned. 


In this lesson, the way in 
which modern television picture 
tubes operate is explained in de- 
tail. The various types of con- 
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struction are described, and also 
the specific applications of these 
constructions in typical tubes in 
present use. 


PICTURE TUBE PARTS 


The television receiver picture 
tube consists of three major 
parts: (1) the envelope, (2) the 
electron gun, and (3) the screen. 
In general the arrangement of 
the parts is shown in Figure 1. 
The envelope is a large bell- 
shaped bulb which has a cylin- 
drical extension called the neck. 
It houses and supports the screen 
at its large end, and the electron 
gun in its neck. Like the conven- 
tional electron tube, the base pro- 
vides means for connecting the 
external circuits to the electrodes 
within the high vacuum envelope. 


The electron gun furnishes a 
narrow beam of electrons, directs 
them toward the screen, and ac- 
celerates them so they strike the 
screen with sufficient speed to 
cause fluorescence of the screen 
material. 


Placed around the neck of the 
tube, a cylindrical electromagnet 
called the deflection yoke causes 
the electron beam to move up, 
down, and sidewise to form a 
light pattern over the entire 
screen area. At the point where 
the beam strikes the screen at 
any instant, a tiny spot of light 
is produced. 


The deflection yoke causes the 
beam spot to travel across the 
screen from left to right, and 
thus trace a horizontal line of 
light. When the line is completed, 
the yoke brings the spot quickly 





The picture tube converts the electric signal 

to light, thus producing a visible image of the 

transmitted scene, This unit, the type 21YP4A, 

is typical of the rectangular glass tubes em- 

ployed in television receivers. The small cir- 

cular cavity on the side of the bulb provides 
for connecting to the anode. 


Courtesy Westinghouse Electric Corp. 


back to the left side again, to be- 
ing another line. At the same 
time, the spot is moving down- 
ward also, so the second line is 
traced under the first. In this 
manner, nearly 500 lines are pro- 
duced to fill the screen with a 
pattern called a raster. Applied 
to the electron gun, the video sig- 
nal varies the beam and there- 
fore the spot intensity. This ac- 
tion produces areas of light and 
dark on the raster to form the 
picture. 
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THE LUMINESCENT 
SCREEN 


The picture tube screen is 
made of tiny crystals of material 
which have the property of con- 
verting electron energy into light. 
It is this property which enables 
us to convert electric signals to 
the variations in light which form 
the picture. 


The term luminescence is de- 
fined as the act of absorbing en- 
ergy and then emitting light with- 
out the luminescent material be- 
coming hot enough for incandes- 
cence. Luminescence during exci- 
tation and within about one ten- 
millionth ofa second after exci- 
tation ceases is called fluores- 
cence, while the continuous emis- 
sion of light for longer intervals 
than fluorescence is called phos- 
phoresecence. Except with sub- 
stances in the gaseous stage, both 
fluorescence and phosphorescence 
always occur together, and there- 
fore, the complete action is best 
described by the more general 
term luminescence. 


Although the first of the lumi- 
nescent materials, called “‘phos- 
phors,”’ was discovered by acci- 
dent in 1603, the first phosphor 
suitable for use in cathode ray 
tubes was not discovered until 
1830. This material emitted light 
which had a greenish color and 
was suitable for oscilloscope use 
but unsatisfactory to the tele- 
vision viewer. Now many syn- 


thetic phosphors are produced in 
the laboratory, and practically all 
present television cathode ray 
tube screens consist of mixtures 
of two or more of these materials 
chosen so that the combined emis- 
sion characteristics provide white 
light. 


Theory of Phosphor 
Luminescence 


Although no one theory has yet 
been formulated to explain all of 
the properties ascribed to phos- 
phors, the following general ex- 
planation covers many of the phe- 
nomena which have been ob- 
served. 

All atoms are considered to con- 
sist of a nucleus surrounded by a 
system of electrons that rotate 
in “shells” of definite “energy 
levels,” which are designated as 
K, L, M, N, ete. To be absorbed 
by an atom, impinging energy in 
the form of light or moving elec- 
trons must cause these shell elec- 
trons to leave their normal paths 
and move into shells of higher en- 
ergy. This added energy causes 
the atom to change from its nor- 
mal to an “excited” state. Since 
this is an unstable condition, the 
atom returns to its normal state 
and the surplus energy is emitted 
in the form of light. 

The material used for the 
screens of picture tubes has a 
crystalline structure. That is, the 
atoms or ions are located at def- 
inite points in a symmetrical geo- 
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metric lattice arrangement some- 
what as illustrated in Figure 2. 
This diagram represents the crys- 
tal structure of alpha-zine sulfide 
known as wurtzite, the white cir- 
cles indicating the atoms of sul- 
phur, the black dots the zine 
atoms and the connecting lines 
the paths of mutual attraction be- 
tween the respective atoms of the 
two elements. 


The distance between atoms or 
ions is about one ten-millionth of 
a centimeter. But, in an impure 


sides atoms of foreign substances, 
defects of the crystals themselves 
may exist in the form of local con- 
centrations or absences of the 
atoms of the base material. It is 
thought that luminescence is due 
to any or all of these variations. 


With the close crystal arrange- 
ment, electrons may move not 
only from one energy level to an- 
other, but from one atom or ion 
to another. Thus, in phosphors, 
the normal electron processes of 
absorption and emission of energy 





After its screen and internal coating are applied, the picture tube bulb and electron 
gun are merged by mount sealing machines, such as the one pictured here. Designed 
and built by Sylvania engineers, this machine fuses the gun mount to the bulb in 16 
y stages of heating, sealing, and cooling. 


crystal, there may be atoms of a 
foreign substance in between the 
normal lattice points, or at normal 
lattice points that are empty. Be- 


Courtesy Sylvania Electric Products, Inc. 


may become very complex and 
difficult to interpret. With the ab- 
sorption of energy, electron shifts 
occur throughout the crystal, but 
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it is believed that luminescence is 
due only to the electron shifts in 
the defect points. 


The impurity material, usually 
added to these phosphors during 
manufacture, is called the ACTI- 
VATOR and the points in the crys- 
tal lattice where its atoms or ions 
occur are known as fluorescent or 
active centers. When the crystal 
is excited, the displaced electrons 
of the activator atoms travel 
through the crystal for a consid- 
erable distance from their origin 
and eventually return to their 
own, or more probably to other 
active centers at which points 
their energy is transformed into 
luminescent emission. 


As these active centers are 
distributed throughout the lattice 
structure or crystal atoms in a 
concentration of about one to a 
thousand, it is difficult for the lib- 
erated electrons to find their way 
back to the activator ion. Further- 
more, electrons may be delayed or 
“trapped” near activator centers 
and in erystal faults. A certain 
amount of thermal agitation is re- 
quired to reliberate the trapped 
electrons and permit them to wan- 
der to another trapping location 
or to a fluorescent center where 
they can cause light emission. 


Because of this delay action, 
luminescence is produced for a 
short while after as well as dur- 
ing the time of crystal excitation. 
As stated, luminescence which oc- 


curs more than one ten-millionth 
of a second after excitation ceases 
is called phosphorescence. The 
phosphorescence of larger crys- 
tals lasts longer than that of 
smaller crystals because free elec- 
trons have an opportunity to wan- 
der farther in the more extended 
lattices. 


Screen Phosphors 


The phosphors used for picture 
tube screens are the sulfides and 
silicates. A very small quantity of 
activator or impurity material is 
added to the extremely purified 
base ingredients and then the 
mixture is crystallized. 


For purposes of identification, 
cathode ray tube screen phosphors 
have been given the RETMA des- 
ignations of P1, P2, P38, etc., up 
to about P25. Each phosphor has 
its own set of characteristics with 
regard to fluorescent color and 
period of phosphorescence. This 
period, called the ‘persistence’, 
varies from a few microseconds 
to several seconds for the major- 
ity of the various phosphors. As 
examples, the P1 phosphor con- 
sists of zine silicate with manga- 
nese as activator, has a fluorescent 
color of green, and a medium per- 
sistence of from .03 to .05 second. 
It is employed for the screens 
used in oscilloscope and radar 
cathode ray tubes. Also used for 
radar and for special oscilloscopes 
where the screen must hold tran- 
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sient phenomena for comparison 
with previous effects, the P2 phos- 
phor has a long persistence and a 
blue-green color. 


At present, the P4 screen is 
used in television picture tubes in 
America. It is made of either zine 
berylium silicate activated with 
manganese, zine sulfide activated 
with silver, or a combination of 
both. The P4 screen has a white 
fluorescent color and a phosphor- 
escence of about .005 second. 


A variety of methods are avail- 
able by which the phosphor mate- 
rial may be applied to the glass 
envelope. These are known as: 
(1) spraying, (2) dusting, (3) 
settling, (4) flowing on, and (5) 
electrostatic deposition. Each 
method offers advantages and dis- 
advantages which depend upon 
the size of the envelope and screen, 
the type of screen, desired thick- 
ness of the screen, number of en- 
velopes to be screened at a time, 
etc. 


Image Contrast 


In the reproduction of a dis- 
cernible image on the screen of a 
picture tube, contrast is one of 
the most important factors. Con- 
trast has been defined as the 
difference in brightness between 
any two points or areas on the 
screen. The ratio of two bright- 
ness values is called the CONTRAST 
RATIO. Contrast may be divided 
into two categories: (1) the RANGE 


CONTRAST, which is a measure of 
the contrast range reproducing 
ability of the tube, and (2) the 
DETAIL CONTRAST, which is a meas- 
ure of the contrast in the fine 
detail of the image. The detail 
contrast ratio determines the 
sharpness or clearness of the 
image and therefore is the more 
important. 


Various factors which limit the 
obtainable contrast on a picture 
tube screen are: (1) halation, (2) 
normal reflections, (3) curvature 
of the screen, (4) envelope wall 
reflections, and (5) room illumi- 
nation. 


Halation is the spreading of 
light as a result of what is known 
as total reflection occurring at the 
glass air interfaces of the envelope 
wall. To illustrate the various ac- 
tions, Figure 3 shows an ampli- 
fied cross-section of a picture tube 
screen and envelope wall with the 
scanning beam striking the lumi- 
nescent coating at point x, from 
where light rays emanate in all 
directions. 


The ray x-a passes through the 
glass to air interface at right an- 
gles to the envelope wall surfaces 
and therefore suffers no refrac- 
tion and very little reflection. 
Passing through the interfaces at 
angles of less than 90° to the glass 
surfaces, rays x-b and x-b’ are re- 
flected about the same amount as 
ray x-a, but are bent, or refracted, 
as shown. 
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The refraction increases as the 
angle between the surface and 
these incident rays decreases, un- 
til finally, rays c and ec’ are bent 
back into the glass. This condi- 
tion is termed “total reflection.” 
Rays c and c’ return to the inside 
surface of the envelope wall and 
again reach the interface between 
the glass and luminescent coating 
near points y and y’. 





Structure of two types of electron guns. The 

one at the left is designed for electrostatic 

focus, while that at the right has its beam 

focused magnetically by means of a focus 
coil or magnet. 


Courtesy Radio Corporation of America 


The phosphor crystals do not 
touch the glass at every point of 
its surface, and the amount of 
glass surface in contact with the 
phosphor is called the percentage 
of optical contact. If the phos- 
phor happens to be in contact 
with the glass at points y and y’, 
the light rays ¢ and ec’ will illumi- 
nate the phosphor. Reflected in 
the directions y-h and y'-h’, some 
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of this light will emerge from the 
front of the tube screen, as shown. 


Since y and y’ represent two 
points on the circumference of a 
circle centered at x, if a fairly 
high percentage of optical contact 
exists, an undesired circle of light 
will be produced around spot a. 
If the image at point h, for exam- 
ple is dark compared to that at 
point a, then the lighting of point 
y by the reflected ray c causes the 
element at h to be brighter than 
normal, and the contrast between 
it and element a is decreased. 


If the phosphor is not in opti- 
cal contact with points y and y’, 
then the interface is that of the 
glass wall and the vacuum inside 
of the envelope, and again the 
rays will be totally reflected. Un- 
der these conditions, light ray ¢ 
will travel from y to point p in- 
stead of in the direction y-h. At 
point p total reflection again takes 
place, and so on along the enve- 
lope wall with light seen only at 
the points that the reflected ray 
touches the inter-surface of the 
glass with luminescent coating in 
optical contact. Since the unnatu- 
ral lighting at y and y’ occurs 
only if optical contact exists at 
these points, a low percentage of 
optical contact minimizes hala- 
tion. 


Halation can limit the maxi- 
mum contrast to a ratio as low as 
6 to 1, and therefore it is the most 
important limiting factor. In a 
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given tube, the amount of hala- 
tion is determined by: 


1. The index of refraction in 
the tube face. 


2. The light transmission from 
the luminescent coating. 


3. The percent of optical con- 


tact. 

4. The light absorption of the 
tube face. 

5. The thickness of the tube 
face. 


The values of the first and sec- 
ond factors listed are fairly well 
fixed, and screen design is nor- 
mally carried out in terms of opti- 
eal contact, light absorption and 
tube face thickness. 


Conventional sprayed screens 
have an optical contact of about 
30% and produce lower image con- 
trast than settled screens which 
ordinarily have an optical contact 
of about 20%. The optical con- 
tact of dusted screens may be,as 
low as 15% thus permitting an 
even greater degree of contrast. 


Strange as it may seem at first 
thought, halation can be reduced 
by the use of a light absorbing 
material in the tube face. The 
light rays, which enable the ob- 
server to see the image, pass 
through the tube face once in a 
nearly perpendicular direction 
with relatively little attenuation, 
while those rays due to halation 


pass through the absorbing layer 
at least two extra times and, 
therefore, are attenuated to a 
greater extent. The light absorb- 
ing medium may take the form of 
a thin layer of an absorbing sub- 
stance on the surface of the tube 
face, or the face may be made of 
a darkened glass. These are re- 
ferred to as tinted face tubes. 


Halation is affected by the thick- 
ness of the picture tube face 
in two ways: (1) decreasing the 
thickness causes the halation cir- 
cles or bands to form closer to 
the scanning spot, thus affecting 
a smaller area of the image and 
increasing the range-contrast ra- 
tio, (2) increasing the thickness 
increases the attenuation of the 
halation light rays and results in 
a higher detail-contrast ratio. In 
practice, relatively thick faces are 
used, producing a loss in range 
contrast, but a gain in the more 
important detail contrast. 


In the explanations of Figure 
3, it was mentioned that rays 
x-a, x-b and x-b’ provide a small 
amount of reflection. When this 
reflected light illuminates the dark 
regions of the luminescent screen, 
the contrast between them and 
the bright area is decreased. Called 
NORMAL REFLECTIONS this effect 
results in an even distribution of 
undesired screen illumination, and 
therefore it is distinguishable 
from halation, which, as men- 
tioned, takes the form of a more 
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or less well-defined ring of light 
around the scanning spot. 


As with halation, a low per- 
centage of optical contact serves 
to minimize normal reflections, 
though compared to halation, 
these reflections are of rather 
small importance, limiting the 


contrast ratio to only about 60 to 
1. About three times as detrimen- 
tal to image contrast are the sim- 
ilar reflections caused by the safe- 
ty glass usually employed in front 
of the picture tube. 





Television receiver chassis view showing how 
the picture tube is well supported by a special 
mounting assembly. 

Courtesy Stromberg-Carlson Co. 


The effect of curvature of the 
screen and bulb envelope reflec- 
tions is shown in Figure 4. Here, 
point x represents a bright por- 
tion of the image and point y a 
dark portion. The light from point 
x scatters in all directions, some 
coming through the tube face in 


the direction x-a, and some going 
directly to point y as indicated by 
line 1, a path made possible by 
screen curvature. Also, light from 
point x travels to the envelope 
wall, to points m and n, for ex- 
ample, and is reflected to point y. 


The light which reaches y by 
these various paths travels through 
the tube face in the direction y-b, 
so that the portion of the picture 
at y is not as dark as it should be. 
The brighter the light portions of 
the picture the greater this illu- 
mination of the dark areas, and 
thus the greater the reduction of 
contrast. The contrast ratio is 
limited to approximately 70 to 1 
by the effects of curvature of the 
screen, and to about 200 to 1 by 
envelope wall reflections. 


Room illumination tends to light 
up the entire screen thereby mak- 
ing all the portions of the image 
brighter than they should be. Since 
the brightness difference produced 
in the bright parts of the picture 
is small compared to that of the 
dark portions, the contrast be- 
tween them is decreased. The ratio 
varies considerably with condi- 
tions in any particular case. How- 
ever, the effects of room illumina- 
tion are reduced by the use of the 


tinted face tubes. The tinted face} 


reduces the amount of room light 
that can reach the screen and 
thus improves contrast. 


A notable development in pic- 
ture tube screen design is the 


.S, 
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application of a light reflecting 
metal layer on the inner or beam 
side of the luminescent screen. 
Consisting of a thin coating of 
aluminum, this layer permits the 
beam electrons to pass and strike 
the luminescent coating, but re- 
flects the light forward. This ac- 
tion approximately doubles the 
tube light output and eliminates 
the effects of envelope wall reflec- 
tions and curvature of the screen, 
resulting in an improvement of 
range contrast by a factor of three 
to ten times. However, as the ar- 
rangement does not prevent hala- 
tion, the more important detail 
contrast is only slightly improved. 
When it includes this coating, a 
picture tube screen is referred to 
as being “aluminized”. 


ELECTRON GUN 


Electrodes 

The electron gun is a group ot 
closely related electrodes which 
produce an electron beam of the 
desired small diameter. In this 
assembly, the essential compo- 
nents are the cathode which sup- 
plies the electrons, and an anode 
which pulls them away from the 
cathode and accelerates them to- 
ward the screen. Between the 
cathode and anode are located one 
or more grids to properly control 
the diameter and intensity of the 
beam. 

The structure of one type of 
electron gun is shown in the cross- 
sectional drawing of Figure 5. 


Starting at the left, the indirectly 
heated cathode is a tubular sleeve 
which is surrounded by a larger 
diameter tube, grid No. 1. The 
third tube-shaped electrode serves 
as the second grid, and the fourth 
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lon trap magnet. In this view, the magnet is 
at the bottom, and the two curved arms are 
connected with a spring which supplies the 
proper tension to hold the assembly in place 
around the neck of a picture tube. 


Courtesy Quam-Nichols Co. 


is the anode. In order to help con- 
fine the electrons to a beam, the 
grids and anode each contain a 
disk, at the center of which is a 
small hole through which the 
electrons pass. These holes or 
apertures provide the only path 
by which electrons can reach the 
screen. ft b 


In operation, the anode is from 
12,000 to 22,000 volts positive 


x 
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with respect to the cathode. Due 
to this difference of potential, the 
strong electric field between these 
two electrodes accelerates the 
electrons to a high velocity. 


Grid No. 1 is the control grid, 
and it is operated negative with 
respect to the cathode and so con- 
trols the number of electrons in 
the beam, much like the control 
grid of an electron tube. Grid No. 
2 is operated at 400 to 500 volts 
positive, and prevents interaction 
between the electric fields of the 
control grid and anode. 


In the gun, there is an electric 
field of force between each pair 
of adjacent electrodes. These elec- 
tric fields not only control the 
speed of the electrons, but they 
also confine the beam to a small 
diameter. Thus, the beam passes 
through the holes in the disks 
with almost no electrons actually 
striking the disks. 


Jon Trap 


Unless preventive arrange- 
ments are made, a permanent 
dark area known as an ion spot is 
formed in the center of the pic- 
ture tube screen. Negative ions 
are emitted from the cathode, 
along with the electrons. Attract- 
ed by the positive anode, the ions 
form a beam, and travel to the 
screen also. Since the ions are 
very heavy compared with the 
electrons, they strike the screen 


with sufficient force to damage it, 
thus producing the spot. 


To prevent the formation of an 
ion spot, ion trap type electron 
guns have been devised. The gun 
of Figure 5 is one such type. 
Called a “tilted gun”, this unit 
has its axis at an angle to the axis 
of the tube. Grid No. 2 and the 
anode are formed so that the gap 
between them is diagonal rather 
than at right angles to the gun 
axis. When the electrons and ions 
encounter the area between these 
electrodes, they 
from their original direction by 
the electric field in this gap. 


As shown, the ion trap magnet 
is mounted on the outside of the 
tube neck. Its magnetic field pen- 
etrates the neck and gun, and de- 
flects the electrons so their path 
is parallel with the axis of the 
tube, indicated by the solid line 
in the Figure. However, the mag- 
netic field has little effect on the 
heavier ions. They continue on 
their deflected path, as shown by 
the dashed line, until finally 
trapped by the anode. 


A second type of ion trap gun 
is shown in Figure 6. Called the 
“bent-gun”, this unit consists of 
an indirectly heated cathode, two 
grids, and an anode, and operates 
like the gun of Figure 5 so far as 
formation of the electron beam is 
concerned. As shown, all of the 
gun except the forward part of 


are deflected ,% 
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the anode is at an angle with the 
tube axis. 


The ion trapping action is based 
on the same principle as that of 
the gun of Figure 5. Electrons 
can be deflected easily by either 
an electric or magnetic field, 
while the relatively heavy ions 
are affected considerably less by 
a magnetic field than by an elec- 
tric field. Therefore, in the bent- 
gun of Figure 6, the field of the 
ion trap magnet bends the elec- 
tron beam to bring it parallel 
with the axis of the tube, but the 
ions continue in almost their orig- 
inal direction to be trapped by 
the anode. 


In service and maintenance 
procedures, the technician adjusts 
the position of the ion trap mag- 
net for best operation. 


An additional advantage of an 
aluminized screen is that the alu- 
minum coating offers some pro- 
tection to the phosphor against 
the bombardment of any ions 
remaining in the beam. 


FOCUS METHODS 


Although electric fields in the 
electron gun provide a beam of 
small diameter, it is necessary to 
decrease the beam diameter fur- 
ther by means of a focus system. 
The action is referred to as fo- 
cusing because the effect on the 
electron beam is like that pro- 
duced by an optical lens on light 
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rays. In the picture tube, either a 
magnetic field or an electric field 
is employed to focus the electron 
beam. When employed in this 
manner, these fields are called 
electron lenses. These electron 





Easily accessible adjusting rod enables this 

permanent magnet type focusing magnet to 

be moved to the point which provides 
best focus. 


Courtesy Heppner Mfg. Co. 


lenses or focusing fields are in 
addition to those mentioned pre- 
viously in the description of the 
electron gun. Depending upon the 
type of field employed, the focus- 
ing methods are called magnetic 
focus, or electrostatic (electric) 
focus. 
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Magnetic Focus 


Magnetic focusing of an elec- 
tron beam is illustrated in the 
simplified diagram of Figure 7. 
As indicated by the solid line, elec- 
trons traveling along the axis of 
the tube are not affected by the 
flux lines of the focus coil, but 
any divergent electrons, as shown 
by the dashed line, cut across the 
magnetic flux lines. The reaction 
between the magnetic fields of 
the electrons and focus coil field 
causes the divergent electrons to 
turn back toward the axis and 
arrive at the focal point on the 
screen. 


This action is shown in greater 
detail by the drawing of Figure 8 
which represents a cross section 
of the neck of the tube inside the 
focus coil. The large dot in the 
center represents the beam of elec- 
trons which is assumed to be mov- 
ing straight up out of the paper, 
while the small dots represent the 
flux lines of the focus coil. 


Electrons moving along a path 
parallel to the axis of the tube are 
not affected by the magnetic field 
because they do not cut the flux 
lines. Without the focus coil any 
divergent electrons would finally 
strike the side of the tube as indi- 
cated by path No. (1). However, 
the flux lines of the focus coil 
combine with the magnetic field 
about the moving electron so that 
the total or resultant field is 
strengthened on one side of the 


electron and weakened on the 
other. 


In accordance with the left- 
hand rule for electron flow, the 
direction of the magnetic field 
about the divergent electrons is 
indicated by the small curved ar- 
row drawn around the line which 
represents path No. (1). With the 
focus coil flux lines assumed to be 
in a direction up out of the page, 
the resultant magnetic field will 
be weaker above the divergent 
electrons and_ stronger below. 
Thus, like a conductor, the elec- 
trons will be pushed toward the 
weaker field region, as indicated 
by the small arrow “F,” and tend 
to follow path No. (2). 


If the flux lines of the focus coil 
are increased, the electron path 
curvature is increased also. As 
shown by path No. (3), the elec- 
trons curve around and return to 
the axis of the tube. A further in- 
crease of the flux lines causes the 
electrons to travel in a smaller - 
circle as shown by path No. (4). 


At the same time that the cir- 
cular motion takes place, all the 
electrons move from the gun to- 
ward the screen of the tube. 
Therefore, divergent electrons fol- 
low paths which actually are spi- 
ral in shape. By selecting the 
proper direct current in the fo- 
cusing coil, the number of flux 
lines is adjusted so that the diver- 
gent electrons return to the tube 
axis at the same instant they 
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reach the screen. When focused 
properly, both the divergent and 
axis electrons strike the screen at 
the focal point, to form a spot of 
small diameter. 


The electromagnetic focus coil 
can be replaced with a permanent 
magnet. In this case, focus adjust- 
ment is accomplished by varying 
an air gap in the magnetic circuit. 


Electrostatic Focus 


An additional electrode is em- 
ployed in the electron gun to pro- 
vide the focusing field in tubes 
using electrostatic focus. The 
basic arrangement of the elec- 
trodes is shown in Figure 9. Here, 
the anode of Figures 5 and 6 is 
divided into two sections. As in- 
dicated in Figure 9, the two sec- 
tions taken together may be called 
the anode, or, if considered sep- 
arately, may be designated as 
grids Nos. 3 and 5. These sections 
are connected together within the 
tube, and thus operated at the 
same high voltage of 12 kv or 
more. The added electrode is 
grid No. 4, called the focusing 
electrode. 


In most electrostatically focused 
tubes, this electrode is operated 
at some positive voltage between 
0 and 400 volts. The focus voltage 
is taken from the slider terminal 
of a potentiometer to permit focus 
adjustments. Tubes employing 
focus voltages in this range are 
called “low voltage electrostatic” 


tubes to distinguish them from a 
number of types which employ 
focus voltages of several kilovolts. 


In the gun of Figure 9, curved 
lines indicate the electric lines of 
force between the anode and the 
relatively negative focusing elec- 
trode. Electrons traveling along 
the axis of the tube are not affect- 
ed by this electric field since it is 
symmetric about them. 





Deflection yokes, such as the one pictured, 

provide continuously varying magnetic fields 

to cause the electron beam to sweep over the 

screen. The wires of one pair of coils can 
be seen here. 


Courtesy Chicago Standard Transformer Corp. 


However, as the dashed line 
shows, divergent electrons en- 
counter the electric lines of force. 
As there is a difference of poten- 
tial along the lines of force, the 
electrons tend to move in the di- 
rection of the lines, but their for- 
ward motion carries them across 
the lines. The net result is a slight 
change in direction as each line is 
crossed, with the electron return- 
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ing toward the axis as it leaves 
the gun. The focus voltage adjust- 
ment provides an electric field of 
the proper strength such that di- 
vergent electrons return to the 
axis just as they arrive at the 
screen. 


In one type of electrostatic fo- 
cus gun, the focus electrode is 
connected internally to the cath- 
ode. With this arrangement, a 
source of focusing voltage is not 
needed. These tubes are known as 
self-focus or automatic focus 
tubes. They require extremely 
close tolerances in gun structure, 
which fact increases the cost of 
their production. Also, their prop- 
er focusing action requires that 
none of the other electrode volt- 
ages vary by more than 5%. Due 
to these disadvantages of the au- 
tomatic focus tubes, the adjust- 
able focus voltage types are in 
more common use. 


DEFLECTION 


To form the pattern of hori- 
zontal lines or raster on the screen 
of the picture tube, varying mag- 
netic fields are employed. Actu- 
ally, two fields combine in the 
neck of the tube to form a result- 
ant field through which the beam 
electrons pass on the way to the 
screen. Separate vertical and hor- 
izontal fields are produced by two 
pairs of deflection coils, assem- 
bled into a unit called the yoke. 
The yoke is mounted around the 


neck of the tube, at the point 
where the neck joins the bulb, as 
shown in Figure 1. 


The drawing of Figure 10 
shows how the pairs of coils, 
called vertical and horizontal re- 
spectively, are positioned. One 
pair of coils serves to deflect the 
beam in a horizontal direction 
while the other pair moves the 
beam vertically. 


The small circle in the center of 
the drawing represents any one 
or all of the electrons which travel 
from the electron gun toward the 
screen, or out of the drawing. 
Thus, according to the left hand 
rule, the magnetic lines of force 
around the electron are in a clock- 
wise direction as indicated by the 
two small circular arrows. 


Each pair of deflection coils is 
connected in series across a sepa- 
rate source of alternating current. 
At the instant the current in the 
vertical coils is in a direction to 
cause flux lines from left to right, 
as shown, the electron and coil 
flux lines are in the same direc- 
tion above and in opposite direc- 
tions below the electron. Thus, 
the resultant flux above the elec- 
tron is strong while that below is 
weak, and the electron is deflected 
downward as indicated. 


During the following alternation 
of the a-c cycle, the flux lines of 
the vertical coils reverse direc- 
tion, while those of the electron 
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do not change. Therefore, the flux 
above the electron is weakened 
while that below is strengthened, 
and the electron is deflected up- 
ward. 

A similar action, produced by 
the resultant flux of the horizon- 
tal deflection coils and the elec- 
tron, causes deflection in the hori- 
zontal direction. Therefore, two 
pairs of deflection coils, arranged 
as in Figure 10 with alternating 
currents of proper frequencies in 
them, deflect the electron beam so 
that it scans the entire screen 
surface. 


In both pairs of deflection coils, 
the alternating currents have 
sawtooth wave-form. As a result, 
the horizontal deflection coils 
cause the beam to move at a con- 
stant speed from left to right on 
the screen, and then snap back 
quickly to the left side, for each 
a-c cycle. The movement from left 
to right produces the useful hori- 
zontal line, called the “trace”. 

During the “retrace’, from 
right to left, no line is produced, 
because a blanking pulse is ap- 
plied to the gun to cut off the 
beam. The sawtooth current in 
the vertical coils causes the beam 
to travel from the top to the bot- 
tom of the screen at a constant 
speed, while approximately 240 
horizontal lines are traced, and 
then snap quickly back to the top. 


Some years ago, a few types of 
television picture tubes employed 


the electrostatic deflection system 
now used in oscilloscopes. Saw- 
tooth voltages were applied to 
two pairs of deflecting plates lo- 
cated in the neck of the tube. The 
beam was deflected due to the 
electric attraction and repulsion 
of the plates. 


All present day television re- 
ceivers employ magnetically de- 
flected picture tubes. For this rea- 
son, we have given the details of 
this deflection method only. 


CENTERING 


The produced raster must be 
centered vertically and horizon- 
tally on the face of the picture 
tube. One method employed con- 
sists of adding a direct current to 
the sawtooth alternating currents 
in the deflection coils. This d-c sets 
up a steady magnetic field which 
pulls the beam in the direction 
necessary to provide proper cen- 
tering. An alternative arrange- 
ment consists of a permanent 
magnet mounted around the neck 
of the tube. Rotation of this mag- 
net permits changing the direc- 
tion of its field to center the 
raster. 


PICTURE TUBE STRUCTURE 


Figure 11 shows the arrange- 
ment of the focusing coil and de- 
flection yoke on the neck of a 
picture tube. Here, the electron 
gun is the tilted type explained 
for Figure 5. The inside surfaces 
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of the glass bulb and most of the 
neck are coated with a layer of 
conductive material. This coating 
makes electrical contact with the 
anode (Grid No. 3) by means of 
the curved spring supports at the 
forward end of the gun. 


The anode voltage is supplied 
through the bulb cap to the coat- 
ing, which serves as an extension 
of the anode. Thus, operated at 
the high anode voltage, the inter- 
nal conductive coating provides a 
uniform field through which the 
electrons travel to the screen. 
Called the collector, this coating 





One type of centering magnet which is placed 
around the picture tube neck and rotated as 
necessary to properly center the picture. 


Courtesy Heppner Mfg. Co. 


contacts the screen, and thus pro- 
vides a path by which the beam 
electrons leave the screen and 
return to the power supply. 


A second tube arrangement is 
shown in Figure 12. In this case, 
the electron gun includes a focus 
electrode, grid No. 4. Therefore, 


there is no focus coil. However, 
this tube assembly employs a cen- 
tering magnet which is located 
between the gun and the deflection 
yoke. Like the tube of Figure 11, 
there is an internal conductive 
coating, or collector, connected to 
the anode (grids 3 and 5). 


In addition, the tube of Figure 
12 has an external conductive 
coating. Separated by the glass 
wall of the bulb, the two coatings 
form a capacitor with a capaci- 
tance of 500 to 1500 pf in the 
various tubes. With the external 
coating connected to ground, and 
the internal coating to the high 
voltage supply, this capacitance 
serves as the output filter for the 
voltage supply. Another function 
of the external coating is to shield 
the tube from stray magnetic 
fields. 


Although represented simply in 
Figures 11 and 12, the ion trap 
magnet has curved pole pieces 
which extend down around the 
neck of the tube. The magnets 
shown are called “single”, and 
are the most common. Some tube 
types have a gun structure which 
requires a “double” ion trap mag- 
net. Another variation is that in 
which the magnet is inside the 
neck, called the “internal” ion 
trap magnet. 


SCHEMATIC SYMBOLS 


As in other types of electron 
tubes, the gun electrodes have 
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leads which extend through the 
picture tube base to pins to pro- 
vide connection to the external 
circuits. The basing diagrams of 
the commonly used picture tubes 
are given in Figure 13. In these 
diagrams, the various grids and 
anodes are all indicated as grids, 
and placed above the cathode in 
the order the beam passes through 
them. Thus, the control grid is 
designated G,, the accelerating 
electrode designated as grid Gs, 
and so on. 


In all the types using the bases 
illustrated, the anode connects 
through the internal conductive 
coating to a “cap” located in a 
small cavity or indentation in the 
glass bulb. In other types of tubes, 
the glass bulb is replaced by a 
metal shell. A glass face plate fits 
into the front end of the shell, 
and a glass neck is attached to 
the other end. For these tubes, 
the lead from the high voltage 
supply connects to the lip of the 
metal shell. With this arrange- 
ment, the shell is at high voltage, 
and serves as the collector. With 
both glass and metal type tubes, 
the connection to the anode is in- 
dicated by the small rectangle 
labeled “A” on the base diagrams. 


On all four of the bases shown, 
the pins are spaced such that the 
base could contain 12 pins. Each 
pin is numbered as it would be if 
all 12 pins were present. Thus, 
the two 5-pin bases, 12-D and 


12-N, have pins numbered, 1, 2, 
10, 11, and 12. The 6-pin bases, 
12-L and 12-M, have pins 1, 2, 6, 
10, 11, and 12. In all four, the 
heater connects to pins 1 and 12, 
the cathode to pin 11, the control 
grid to pin 2, and the accelerating 
grid to pin 10. In the tubes using 
the 12-D and 12-N bases, the third 
“orid” in the diagrams is the 0 
anode, and connects to the bulb¥ 
cap, as indicated. In the 12-L and 
12-M based tubes, the anode con- 
sists of grids 3 and 5, which are 
connected together internally. The 
fourth grid is the focusing elec- 
trode, and connects to base pin 6. 


Indicated by the rectangle la- 
beled “C”’, an external conductive 
coating is employed by the tubes 
using the 12-L and 12-N bases. In 
these base diagrams, a small ca- 
pacitor symbol represents the ca- 
pacitance between the internal 
and external coatings. Also, as 
explained, the internal coating is 
connected to the anode. One manu- 
facturer employs the term “ultor” 
to designate the combination of 
electrodes which comprise the 
anode, or are internally connected 
to the anode. For example, in a 
tube with the 12-D base, the ultor 
is composed of the third grid and 
the collector. In the case of a 12-L 
based tube, grids 3 and 5 and the 
collector make up the ultor. 


TYPICAL PICTURE TUBES 


A considerable number of pic- 
ture tube types have been devel- 
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oped. They differ from one an- 
other with regard to size, shape, 
envelope, screen, electron gun, fo- 
cusing method, and so on. Some 
tubes employ a round face plate. 
The diameter of these round face 
plates formed the original basis 
for designating the tubes as 16- 
inch, 19-inch, etc. 


Many tubes now in use have 
rectangular face plates. This 
shape is the same as that of the 
raster produced by the scanning 
beam. To produce a picture of the 





A typical rectangular picture tube, the 21ZP4 
measures 21-7/32 inches along the diagonal 


across its face. This dimension provides a pic- 

ture area of approximately 250 square inches. 

A large percentage of television receivers 

employ picture tubes of this size and gen- 
eral type. 


Courtesy Allen B. DuMont Laboratories, Inc. 


same size, a round-face tube re- 
quires a diameter equal to the 
diagonal across the face of the 
rectangular tube. Therefore, to 
permit comparison on the basis of 


equal picture size, the rectangu- 
lar picture tubes are designated 
as 17-inch, or 21-inch tubes, ac- 
cording to the dimensions of the 
diagonals. 


As an example, a commonly 
used “17-inch” picture tube is the 
rectangular-faced 17HP4. The 
face of this tube is only 1214, inch- 
es high and 153% inches wide. 
However, its diagonal is nearly 
17 inches, and it provides a pic- 
ture approximately the same size 
as that obtained with a 17-inch 
round-face tube. The 17HP4 em- 
ploys electrostatic focusing, a sin- 
gel ion trap magnet, and has an 
external conductive coating. Its 
face plate is tinted to improve 
contrast ratio. The 12-L base dia- 
gram of Figure 13 applies to this 
tube. A later model of this tube, 
designated 17HP4A, has a face 
plate which is both frosted and 
tinted. The frosted face diffuses 
reflections of bright objects, such 
as lamps, which interfere with 
viewing. 


A typical picture tube in the 
21-inch size is the 21ZP4. This 
tube has a glass envelope with a 
rectangular, tinted face. It uses 
magnetic focusing, and a single 
ion trap magnet, with base con- 
nections shown by the 12-D dia- 
gram. A variation of this tube, 
the 21ZP4A, has an external con- 
ductive coating as indicated by 
the 12-N base diagram. A second 
feature consists of employing an 
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aluminized screen in this tube, 
and is designated 21ZP4B. 


A commonly used metal body 
tube is the 21MP4. This unit is a 
rectangular picture tube with a 
metal shell, and a tinted and 
frosted glass face plate. Indicated 
by the 12-M base, the electron 
gun contains a focusing electrode 
for electrostatic focusing. A sin- 
gle ion trap magnet is used. 

The 24CP4 is representative of 
the 24-inch tubes. It is a rectan- 





The 12-N base diagram applies to 
both tubes. A fifth typical type is 
the 27EP4, a rectangular glass 
picture tube with a tinted and 
aluminized face. It employs mag- 
netic focusing and a single ion 
trap magnet. The 12-D base dia- 
gram shows the electrode connec- 
tions in this tube. 


PICTURE TUBE FAULTS 


Picture tubes can develop vari- 
ous defects which impair the pic- 
ture quality or result in complete 


Cut-away view of a round face picture tube showing construction and arrangement 
of the electron gun, 


gular glass tube with tinted face 
plate, has an external conductive 
coating, uses magnetic focus and 
a single ion trap magnet. The 
24CP4A version has a face plate 
which is both tinted and frosted. 


Courtesy North American Philips Co., Inc. 


loss of the picture. Of course, 
some of the symptoms produced 
by these defects can be produced 
by faults in other parts of the re- 
ceiver also. Usually, the service 
technician checks these other pos- 
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sible sources before concluding 
that the picture tube is definitely 
at fault. 


The most common type of pic- 
ture tube failure is that in which 
the entire picture is dim, even 
with the brightness control turned 
all the way up. This insufficient 
light on the screen is due to the 
fact that the cathode is not emit- 
ting enough electrons. How this 
condition comes about can best be 
understood by considering the ac- 
tion by which the cathode emits 
electrons. 


Most picture tube cathodes have 
a coating of barium-oxide on their 
forward surface from which the 
emission takes place. During a 
manufacturing process, called 
“ageing”, a voltage is applied to 
the heater to heat the cathode, 
and a controlled cathode current 
permitted for a given period of 
time. Due to this heating and 
electrolysis process, the oxygen 
atoms are freed from some of the 
barium-oxide molecules, leaving 
an extremely thin layer of pure 
barium on the surface of the 
barium-oxide. In the completed 
tube, the electron emission is 
much greater from the very thin 
pure barium layer than from 
either barium-oxide or a_ thick 
solid coating of barium. 


At all times, whether the tube 
is operating or not, gases are 
given off by the other electrodes 


of the gun and by the walls of the 
picture tube. These gases unite 
with the pure barium layer on the 
cathode, effectively ‘poisoning’ 
it. When the tube is operating, 
the heater supplies the heat and 
the beam current the electrolysis 
needed to free more oxygen atoms 
from the barium-oxide, and thus 
perpetuate the emitting layer. 
However, if the poisoning action 
operates faster than the barium 
formation, the emission is re- 
duced. With less emission, there 
is less electrolysis, a lower rate of 
barium formation, and a further 
decrease in emission. 


When the tube is operating, the 
beam electrons ionize the gases 
given off by the walls and elec- 
trodes. When ionized, these gases 
are more easily collected by the 
getter. However, when the picture 
tube is not being used, these 
gases are not absorbed by the 
getter to any great extent, and 
therefore poison the cathode more 
quickly. Also, as it is not oper- 
ating, the tube is not reforming 
the lost pure barium. As a conse- 
quence of these conditions, the 
cathode often becomes a poor 
emitter more rapidly than in a 
picture tube which is being used. 


It is possible to rejuvenate or 
reactivate low-emission picture 
tubes by means of various instru- 
ments commercially available. 
One method consists of duplicat- 
ing the manufacturer’s ageing 
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process as described above. An- 
other consists of “boiling” off a 
quantity of the cathode coating. 
These repair methods assume 
considerable importance when it 
is realized that 80 to 90 per cent 
of defective picture tubes are 
faulty due to loss of emission. 


The remaining 10 to 20 per 
cent of picture tube failures re- 
sult from a variety of defects. 
Among the most frequent are 
gassy tubes, shorts between ele- 
ments, open connections to ele- 
ments, loose elements which cause 
intermittent opens or shorts. 
When gassy, a picture tube ex- 
hibits excess brilliancy which can- 
not be reduced greatly by turning 
down the brightness control. In- 
sufficient brightness can be caused 
by an improperly adjusted ion 
trap, or the wrong type of ion 
trap. 

Other defects include air leak, 


loose or cracked base, ion burn, 
holes and cracks in screen phos- 
phor, magnetized metal cone, bub- 
bles in glass face, internal arcing 
due to poor internal anode coat- 
ing, and many others. The various 
means of determining the type 
and location of the different 
faults, and the repairs or adjust- 
ments that can be made are ex- 
plained in the lessons on televi- 
sion servicing. 


The picture tube is the last 
stage in the video channel of the 
television receiver, and the sound 
channel terminates in a loud- 
speaker. At some point, the sound 
and picture signals are separated, 
the video applied to the picture 
tube and the sound i-f to the sound 
channel. Beginning at this sepa- 
ration point, the next lesson fol- 
lows the sound signal through 
the various stages of the complete 
sound channel. 
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IMPORTANT DEFINITIONS 


DEFLECTION—Movement away from a position. In the television 
picture tube, the scanning motion of the electron beam. 


DEFLECTION COILS—A pair of coils which produce a varying 
magnetic field to deflect the electron beam horizontally or ver- 
tically in a picture tube. 


ELECTRON GUN—The group of electrodes located in the neck of 
the picture tube which produce a fine beam of electrons and 
direct it toward the screen. 


FOCUS—tThe action by which an electric or magnetic field causes 
the beam electrons to converge to form a beam of small diameter 
at the screen of the picture tube. 


ION TRAP—In a picture tube, the electron gun arrangement, in 
conjunction with a magnet, which traps the negative ions and 
prevents them from reaching the screen. 


YOKE—The assembly consisting of the vertical deflection coils and 
the horizontal deflection coils. It surrounds the neck of the 
picture tube. 
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Who knows that the sun will shine again, 

That the clouds will pass, and we need the rain. 
Who buckles down to a pile of work 

And never gives UP and never will shirk 

Til the task is done, and the toil is sweet, 

While the temples throb with red plood’s heat. 


A human engine with triple beam 
And a hundred and fifty pounds of steam. 
Yours for success, 


WL Kaley 


DIRECTOR 


